Genetic instability has been detected in many types of cancers but poorly investigated in hepatocellular carcinoma (HCC). We have studied the incidence of microsatellite instability (MI) at eight highly polymorphic microsatellite markers and the poly A tract BAT26 and tested for mutations at two sites of repetitive sequence (poly-A nucleotides 709 ± 718 and GT repeatnucleotides 1931 ± 1936) in the Transforming Growth Factor b (TGFb) type II receptor (RII) gene, in a group of 46 European HCCs and the surrounding nontumour tissue. This analysis showed that 63% of HCCs exhibit MI in at least one chromosome locus and 41% in two or more loci. No mutations of the TGFbRII gene were found in the MI positive tumours. No correlation was found with clinicopathological characteristics of the tumours such as cirrhosis, etiology, number of nodules, Edmondson's grade and vascular invasion. However, in patients who had a rearranged D16S402 microsatellite in their tumour, the recurrent disease and the number of nodules were signi®cantly higher than in the others (P50.005 and P50.02, respectively). We propose to consider D16S402 rearrangement in HCC as a prognostic factor to identify patients presenting a higher risk of recurrence.
Introduction
Instability at widespread highly polymorphic tandem repeat DNA sequences, known as microsatellites, has been reported in hereditary nonpolyposis colorectal cancer (HNPCC; Thibodeau et al., 1993) , as well as in a number of other familial and sporadic cancers including colon (Ionov et al., 1993) , endometrium (Duggan et al., 1994) , oesophagus , stomach (Rhyu et al., 1994) , pancreas (Brentnall et al., 1995) , lung (Shridhar et al., 1994; Merlo et al., 1994) , bladder (Gonzalez-Zulueta et al., 1993) , kidney , breast (Paulson et al., 1996) , ovary (Arzimanoglou et al., 1996) , brain (Zhu et al., 1996) and haematopoietic system Kaneka et al., 1996) , and some preneoplastic or in¯ammatory tissues (Brentnall et al., 1995 (Brentnall et al., , 1996 Salvucci et al., 1996) . In sporadic tumours, the extension and the type of microsatellite alterations is generally less pronounced than in HNPCC patients and often appears as one or few additional alleles at only one or few loci (Wooster et al., 1994) .
Recent studies have suggested intriguing correlations between microsatellite instability and clinicopathological parameters of some tumour types (De Marchis et al., 1997; Chung et al., 1996; Lothe et al., 1993) as well as an incidence of microsatellite instability on clinical outcome and patient survival (Thibodeau et al., 1993; Paulson et al., 1996; Lothe et al., 1993; Honchel et al., 1994) . If mechanisms resulting in genetic instability lead to accelerated tumorigenesis and poor disease outcome in aected individuals, it is surprising that microsatellite instability has been associated with a better prognosis and increased survival in patients with HNPCC (Thibodeau et al., 1993; Lothe et al., 1993; Honchel et al., 1994) . If dierent mechanisms are involved in microsatellite instability observed in sporadic cancers or if mutated target genes are dierent from one tissue to another, the ultimate eects on disease progression and patient survival may be dierent to that observed in colon cancer (Lothe et al., 1993) . Therefore, it is important to clearly determine the consequences of microsatellite instability observed in dierent types of sporadic tumours, which constitute the majority of human cancers.
We recently reported a frequent microsatellite instability in cirrhosis, especially in cirrhosis consecutive to hepatitis B viral infection (Salvucci et al., 1996) . Cirrhosis is the most frequent underlying liver disease in hepatocellular carcinoma and very little is known about genomic instability in this tumour type (Hann et al., 1993) . Treatment of HCC is rather disappointing and liver resection or transplantation can only be oered with a good chance of success to a small number of patients. Indeed, the results are much worse in patients presenting with large and multiple tumours, with a median survival as poor as 10 months (Akashi et al., 1991; Bismuth et al., 1993) . However 30% of these latter patients have no reccurent disease within 3 years following surgery. Therefore, it would be of interest to have a molecular marker to help recognize patients at higher risk of recurrence.
In the present study, we have analysed a series of both hepatocellular carcinoma (HCC) and the surrounding nontumour liver tissue DNA at dinucleotide repeats located on chromosomes 2p, 3p, 4q, 5q, 9p, 13q, 16q and 17p respectively. We also examined the poly(A) tract BAT 26, the repeat of 26 deoxyadenosines localized in an intron of the DNA mismatch repair gene hMSH2 on chromosome 2, known to provide remarkable results as an indicator of the replication error phenotype (RER) in colorectal cancers and cell lines (Hoang et al., 1996) . Finally, we tested for mutations in two stretches of repetitive sequences in the Transforming Growth Factor b (TGFb) type II receptor (RII) gene. TGFb is a potent inhibitor of epithelial cell growth (Polyak et al., 1996) . Its growth inhibitor eect is mediated by two distantly related transmembrane serine/threonine kinases called receptors I and II (RI and RII). The RII gene contains two stretches of repetitive sequence, poly A (nucleotides 709 ± 718) and GT repeat (nucleotides 1931 ± 1936) (Lin et al., 1992; Togo et al., 1996) , which are thought to be the target of mutation in HNPCC and some sporadic gastrointestinal cancers (Zborowska et al., 1995; Lu et al., 1995; Parsons et al., 1995) .
Overall, our purpose was to determine the incidence of microsatellite instability and TGF-bRII gene mutation in HCC and to investigate the relationship between these alterations and clinicopathological variables and patient survival.
Results

Microsatellite instability incidence in HCC
Eight polymorphic microsatellite markers and one mononucleotide repeat, from eight chromosomal regions were ampli®ed from both the tumour and nontumour liver DNAs and the corresponding blood or non liver normal DNA from 46 HCC patients. Each PCR ampli®cation was repeated at least twice. As a preliminary experiment, comparison of a series of ten normal liver DNAs extracted from formalin-®xed paran-embedded blocks to the matched blood DNAs showed no dierences.
The appearance of fragments of altered length in tumour and/or nontumour liver DNA indicated an alteration in microsatellite size. Samples showing changes in microsatellite sequences were veri®ed by isolating DNA from a new paran section and subjecting it to a second, independent PCR analysis. When samples were informative (78% of cases) it was also possible to detect a loss of heterozygosity (LOH). Results presented in Table 1A show that microsatellite alterations were detected in at least two chromosome loci in either the tumour and/or nontumour liver DNA in 19 of the 46 patients tested (41%). In one patient, the alterations found in the tumour DNA were not present in the nontumour liver DNA. Conversely, one patient had microsatellite alterations in the nontumour liver DNA that were not found in the tumour DNA. Ten additional patients exhibited microsatellite instability at only one locus (22%) (Table 1B) , of these, two patients did not have alterations in the nontumour DNA. When samples were informative, most of the time, only one allele was aected. However, patient 27 exhibited both a shift of one allele and loss of the other allele in the peritumourous tissue (Figure 1 ). Of the eight chromosomes investigated, loci on chromosome 5 (8/17, 17%), chromosome 9 (9/46 patients, 20%) and chromosome 16 (19/46 patients, 41%) were preferentially altered. Figure 1 shows some examples of the alterations we observed. In 11/29 cases (38%), the rearrangements seen in the nontumour liver DNA were not identical to that observed in the corresponding tumour DNA and in nine of the 19 patients (47%) with microsatellite alterations at two or more loci, additional alterations were observed in the tumour DNA comparatively to the adjacent nontumour liver DNA.
Mutations of TGF bRII gene
Genomic DNA of the 29 HCC specimens with microsatellite instability in at least one locus was screened for mutations by DNA sequence analysis in two nucleotide sequences, positions 625 ± 773 and 1851 ± 2024 containing the (A) 10 or (GT) 3 repeats of the TGF-bRII gene, respectively. No mutation was detected in any of the samples analysed.
Correlations between microsatellite instability and tumour characteristics
The potential impact of microsatellite instability on tumour growth and progression was determined by examining the association with a variety of clinical and pathological characteristics of the primary HCCs. Unintentional bias was prevented by coding patient tissue samples so that microsatellite instability determination was done without knowledge of the patient and tumour characteristics. The results are summarized in Table 1 .
Of the 19 tumours exhibiting microsatellite instability in two or more chromosome loci, 13 had developed on a cirrhotic liver of viral (n=9) or alcoholic origin (n=3); in one patient (patient 7), cirrhosis was of unknown origin. Infection by HBV alone was observed in four cases, HCV alone in ®ve cases, HBV+HCV in two cases and HBV+delta in one case (Table 1A) . Ten additional patients had a tumour presenting microsatellite instability in only one locus, of these seven had cirrhosis induced by HCV in two, HBV+HCV in three and alcohol in two (Table 1B) . A third group of 17 patients did not exhibit microsatellite instability in their tumour which had developed on a cirrhotic liver in ten, induced by HBV in one, HCV in ®ve and alcohol in two. In one patient, cirrhosis was of unknown origin and in another patient (patient 45) cirrhosis was consecutive to hemochromatosis (Table 1C) . Four patients in this group had chronic hepatitis. Overall no correlation was found between the presence or not of cirrhosis and microsatellite instability in the tumour.
We tested the samples to see whether HBV virus DNA was present in the tumours, irrespective of the etiology of the disease, using a technique employing PCR ampli®cation of part of the HBX gene, followed by hybridization with a speci®c probe (Bourdon et al., 1995) . Results are given in Table 1 . HBV imprinting was found in seven tumour DNAs, one of which had a negative corresponding serology. Only two of the seven HBX positive tumour DNAs did not exhibit at least one microsatellite alteration and overall 10/12 (83%) HBV positive patients were positive for microsatellite alterations in their tumour. In 13/46 patients (28%) serological markers of HCV were detected exclusively of other markers of hepatotropic viruses. Seven of them (54%) presented a genomic instability in their tumour.
The number of nodules varied from one to more than six and their size from 9 mm to 200 mm. The size was not correlated with the microsatellite instability status of the tumour, whereas the number of nodules was signi®cantly higher when D16S402 was altered (3.8+0.8 vs 1.9+0.4, P50.02). Most of the tumours were of grade II (31/46) and were equally distributed among the microsatellite instability positive and negative groups. Portal and/or hepatic invasion was present in 24/46 (52%) patients examined; no correlation was found with microsatellite instability of the tumour.
Correlation between microsatellite instability and patient performance
The follow up available for the 46 patients analysed ranged from 1 to 51 months after surgery. Twenty patients (43%) had detectable recurrence assessed by abdominal ultrasound, thoracoabdominal CT scan and bone scintiscan in case of boneache; 16 of them had microsatellite instability in their tumour. No correlation was found between recurrence of the disease and overall genomic instability of the tumour. However, when the risk of recurrence was analysed for each microsatellite tested, a high association between the alteration of D16S402 and the risk of recurrence was found (P50.005); no signi®cance was observed with other microsatellite loci used in this study. Indeed, of the 19 patients who exhibited a D16S402 rearrangement in their primary tumour, 14 had HCC recurrence. Figure 2 shows the Kaplan ± Meier curves of survival rate without recurrence for the patients analysed. The II  III  III  II  II  I  I  II  II  II  II  II  III  II  II  III  II   ±  +  ±  +  +  ±  ±  +  ±  +  +  ±  +  ±  +  +  ±  a Loss of one allele; b Dierent rearrangements in tumour and nontumour liver DNAs for a same microsatellite marker; CH: chronic hepatitis; PH: partial hepatectomy; OLT: orthotopic liver transplantation; *Tumor grade was according to Edmondson's classi®cation median delay of recurrence was 11.6 months in the group of patients with an altered D16S402 whereas it was 39.0 months in the other group (P50.005, log rank analysis). The risk was similar for both the resected (n=18) and transplanted (n=28) patients. Using the Cox model analysis, the risk ratio of recurrence was 2.4 when D16S402 was rearranged as compared to patients exempt of D16S402 alteration in their tumour.
We also analysed the survival rate without recurrence according to the histopathological characteristics of the tumour. When the size of the nodules was 530 mm a correlation with recurrence was found (P50.05). The association of the two factors (D16S402 and nodule size) showed no in¯uence on recurrence of the disease.
Discussion
Microsatellite instability was analysed in 46 cases of HCC and the surrounding nontumour tissue using eight highly polymorphic microsatellite markers known to be altered in digestive diseases (Tamura et al., 1995) and the poly(A)tract BAT26 (Hoang et al., 1996) . TGFbRII mutations were assessed in parallel in the tumours. Microsatellite instability was observed in 29/ 46 cases (63%); no mutation of the TGFbRII gene was detected. The most striking feature was the frequent alteration of the D16S402 locus (19/46, 41%) and its association with a higher risk of recurrence (P50.005).
We have previously reported an incidence of 60% of microsatellite instability in cirrhosis. This incidence was of 86% in HBV positive livers. In the current study, we extend this observation to HCC by showing that the group of patients with HBV positive serology present a higher rate of microsatellite alterations in their tumour than the others.
Among dierent studies, there is considerable variation in the frequencies of microsatellite instability reported for dierent tumour types and within a same tumour type from one series to another. Such variability may partly depend on the number of cases and microsatellites examined and on the sensitivity of the loci analysed. Using nine microsatellite markers, we report here a high incidence of genomic instability in HCC (63%). It is possible that the incidence we determined underestimates the actual frequency, since we analysed only nine of the many thousands of microsatellites sequences in the genome. The incidence of microsatellite instability in a series of 17 HCCs was examined in a previous study. The authors reported the absence of genomic instability by means of four microsatellite markers (Hann et al., 1993) . On another hand, our results are in agreement with recent data analysing alterations of another type of DNA repeats. This study indicates frequent rearrangements at minisatellite loci D1S7 (1p33-35), D7S22 (7q36-ter) and D12S11 (12q24.3-ter) in a series of 26 hepatitis B virus-positive hepatocellular carcinomas from Thai patients (Kaplanski et al., 1997) .
In our series, of the 29 patients exhibiting microsatellite instability, ten had one alteration and 19 at least two. Of the eight chromosomes investigated, in both the tumour and nontumour tissue, loci on chromosomes 16, 9 (IFNA) and 5 were preferentially altered (41%, 20% and 17% respectively). In our previous study on cirrhosis, IFNA and D5S409 were the most frequently rearranged loci, although D16S402 had not been investigated. Frequent allelic loss on chromosomes 4q and 16q reported in HCC from Taiwan (Yeh et al., 1996) led us to include microsatellite markers on these loci in the present study. In our series of European HCCs, only ®ve patients had alterations on chromosome 4 but 19 had rearrangements on chromosome 16. However, overall allelic losses were found in only 3/46 cases (7%) for this latter marker which is far less than the 70% reported by Yeh et al. (1996) . Two recent studies have examined loss of heterozygosity (LOH) in HCC using a collection of 195 ± 275 microsatellites loci distributed along the autosomes (Boige et al., 1997; Nagai et al., 1997) . Among the chromosome segments most frequently aected by deletion, LOH of speci®c loci on chromosome 16q represented 39% in aneuploid tumours (Boige et al., 1997) and 31% in tumours of various geographical origin (Nagai et al., 1997) . The dierences between these studies and ours could be explained by the use of only one microsatellite marker on chromosome 16 in the present study, the grade of the tumours analysed and/or by dierences in the ethnic origin of the studied populations.
Our results shown in Table 1 indicate that most of the microsatellite markers rearrangements found in the tumour DNA were identically present in the nontumour liver DNA, highlighting both the earliness of these alterations and the risk of using the nontumour liver tissue as a reference in these studies. Of the 29 cases listed as microsatellite instability positive, seven would have been scored negative if we had compared the tumour to the nontumour liver DNA (see Figure 1 , patient 15, IFNA).
In 11 patients, alterations found in the tumour DNA were dierent from that found in the nontumour DNA for a same microsatellite marker, irrespective of the cirrhotic or noncirrhotic character of the underlying liver disease. By investigating the clonality of microsatellite alterations at several locations within a same cirrhotic liver, we have previously shown that a polyclonal pattern of instability compatible with the heterogeneous cell populations in a precancerous tissue was observed in some cases (Salvucci et al., 1996) . In others, a monoclonal pattern suggested that microsatellite alterations had occurred in a progenitor cell ancestral to the majority of the cells in the samples analysed and argued for a high rate of regeneration in these particular specimens. In the present study, either identical or dierent alterations of a same microsatellite marker are found when comparing tumour and nontumour DNAs from a same liver to the reference DNA, underlying the monoclonal character of the peritumourous tissue in the former cases.
In four cases (patients 2, 3, 6 and 9), the similarity between the tumour and nontumour DNA in the alteration pro®le of one or two microsatellite markers and the presence of additional rearranged microsatellites in the tumour DNA are in agreement with the concept of accumulation of genetic alterations during the progression of tumorigenesis.
Mutation has been reported to occur in the coding poly(A) tract of the TGFbRII gene in numerous gastrointestinal tumours with microsatellite instability Souza et al., 1997; Myero et al., 1995) resulting in production of truncated RII protein.
Since TGFb inhibits cell proliferation, the loss of response to TGFb due to inactived RII may be an important tumour progression step. In our study, no mutations were found in both the poly(A) tract and (GT) repeat of the TGFbRII gene suggesting that this gene only plays a small role, if any, in liver carcinogenesis. Two other studies have already reported the absence of TGFbRII gene mutation in HCC (Lu et al., 1995; Vincent et al., 1996) . However, we show for the ®rst time the absence of correlation between microsatellite instability and TGFbRII gene mutation in this tumour type. Genomic instability is probably here dierent from that observed in colorectal cancer. HCC is not the ®rst tumour type to be found exempt of TGFbRII gene mutations in spite of demonstrated genomic instability. Indeed no mutations were detected in endometrial, pancreatic and lung cancers with microsatellite instability (Myero et al., 1995; Abe et al., 1996; Takenoshita et al., 1997) .
We have analysed the clinicopathological characteristics of our series of tumours and found no correlation between the presence of microsatellite instability and the grade, the size of nodules, the underlying liver disease (cirrhosis or not) and etiological factors. However, ten of the 12 (83%) HBV studied positive patients exhibited microsatellite instability, extending our previous observation in cirrhosis (Salvucci et al., 1996) .
We also analysed the survival rate without recurrence for the 46 patients of our study (follow up 1 to 51 months). Microsatellite instability was not associated with a higher risk of recurrent disease that occurred in 20/46 patients (43%). However, when each microsatellite locus was analysed separately, recurrence was signi®cantly more frequent in patients with an altered D16S402. Indeed, 14/20 (70%) patients who had recurrent disease exhibited D16S402 alteration in their tumour. Their median delay of recurrence was 11.6 months whereas it was 39.0 months for the patients without D16S402 instability (P50.005).
In conclusion we have shown a frequent microsatellite instability not associated with TGFbRII mutation in European HCC. Of the nine microsatellite markers analysed, D16S402 was the most frequently rearranged and correlated with a higher risk of recurrence. In light of our ®ndings, it may be particularly informative to investigate whether D16S402 rearrangement is involved in the subset of HCC patients who have poor disease outcome. In addition to the potential prognostic value, identification of D16S402 positive tumours could lead to more eective therapies.
Materials and methods
Patients and samples
A retrospective study on liver tissues harvested during the course of surgery and kept embedded in paran from 1993 to 1997 was performed. Histology was reexamined by the pathologist for 186 patients. Necrotic tumours were excluded from the study and samples areas containing more than 70% tumourous cells were selected. Finally, 46 pairs of tumour and nontumour liver samples from 46 Caucasian patients (39 males, 7 females, aged 18 ± 75 years) were analysed. All patients were tested serologically for hepatitis B, D and C viruses as published elsewhere (Samuel et al., 1995; Feray et al., 1994) . In six of them (13%), HCC was associated with hepatitis B, in one (2%) with hepatitis B+D, in ®ve (11%) with hepatitis B+C and in 13 (28%) with hepatitis C virus infection alone. In ten (22%) patients, HCC was consecutive to excessive alcoholic consumption. In 30 (65%) patients the nontumour liver tissue was cirrhotic and ®ve (11%) patients had a chronic hepatitis (Table 1) . We analysed formalin®xed paran-embedded (FFPE) specimens from tumour and nontumour liver tissues obtained during surgery and paired peripheral blood samples obtained at distance from surgery. This was performed to avoid blood contamination by hepatocytes which is always possible during the course of surgery (Lemoine et al., 1997) . DNA was extracted from blood as already published (Salvucci et al., 1996) . When blood samples were not available, FFPE specimens of nonhepatic tissue (hilum for three patients, hilar connective tissue for one patient, hilar lymph node for ®ve patients and gallbladder for 18 patients) were used. Liver or other tissues sections (approx. 2 ± 4 cm 2 , with a thickness of 8 mm) were cut on a microtome with careful cleaning of the blade between each handling. Tumour sections were placed in 1.5 ml microtubes and DNA was extracted in a ®nal volume of 200 ml as previously described (Bourdon et al., 1995) . As a normal control, DNA was prepared from both biopsies of normal liver routinely performed to assess the degree of steatosis during harvesting of six dierent livers for further transplantation and the corresponding blood lymphocyte DNA from the donors.
Presence of HBV DNA was checked in all liver tissue samples by polymerase chain reaction (PCR) using primers on the X region as already reported (Bourdon et al., 1995) with slight modi®cations.
Microsatellite analysis
Microsatellite alterations at poly(CA) microsatellite loci on chromosomes 2p (D2S123), 3p (D3S1317), 4q (D4S395), 5q (D5S409), 9p (IFNA), 13q (D13S153), 16q (D16S402) and 17p (p53) and the poly(A) tract BAT26 were examined in liver (tumour and nontumour) and blood or nonhepatic DNAs processed simultaneously. One ml of extracted DNA from liver tissue specimens and 50 ng of blood DNA or 1 ml of DNA extracted from non liver tissue specimens were ampli®ed in parallel with an appropriate pair of primers. In each case, one of the paired primers was labeled with a¯uorescent dye (Perkin-Elmer, Courtaboeuf, France). PCR was performed in a 25 ml volume of a mixture containing 10 mM Tris buer (pH 8.3), 1 mM MgCl 2 , 50 mM KCl, 0.2 mM of each deoxynucleotide triphosphate, 0.5 units of Taq DNA polymerase (Appligene-Illkirch, France) and 5 pmoles of each primer using a gene Amp PCR system 2400 (Perkin-Elmer, Courtaboeuf, France). Ampli®cation consisted of one cycle of 2 mn at 948C, 35 cycles of 1 mn at 928C, 30 s at the annealing temperature, 45 s at 728C plus a ®nal extension step of 7 mn at 728C. The annealing temperature was 508C for BAT26, 528C for D4S395 and D16S402 and 558C for the other microsatellites. The PCR products were separated by capillary electrophoresis using the ABI PRISM 310 (Perkin-Elmer, Applied Biosystems, Courtaboeuf, France).
Direct sequencing of TGFbRII gene
To detect mutations in the poly(A) sequence (nucleotides 709 ± 718) and GT repeat sequence (nucleotides 1931 ± 1936) in RII, we used the protocol described by Togo et al. (1996) , with slight modi®cations: the PCR conditions were those described above (annealing temperature: 568C) and direct sequencing was performed by a terminator cycle sequencing ready reaction kit (Perkin-Elmer, Applied Biosystems, Courtaboeuf, France) and a ABI Prism 310 DNA sequencing system (Perkin-Elmer, Applied Biosystems) according to the manufacturer's recommendations.
Statistical analysis
Statistical analysis was performed using the SAS software system (SAS Institut Inc, Cary, NC, USA) and the Student t-test was used to determine the statistical signi®cance of dierences of clinical data, according to the presence or absence of microsatellite instability. The survival probabilities without recurrent disease were determined using the Kaplan ± Meier technique according to the presence of genomic instability and the signi®cance of the dierence was analysed by the log rank test. A Cox regression analysis was performed to identify which independent factors would have a signi®cant in¯uence on recurrence and survival. A P value less than 0.05 was considered to have statistical signi®cance.
